
Europaisches 
Patentamt 



European 
Patent Office 



Bescheinigung 



Certificate 



TOi/cr uo/UD Q / 0 

- ^ 



Office europ^en 
des brevets 



EPO - Munich 
74 

25.Juli2003 



Attestaticfn 




Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglich eingerdchten 
Fassung der auf dem n§ch- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung Qberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the follovring 
page, as originally filed. 



Les documents fixes a 
cette attestation sont 
conformes 3 la version 
inltialement deposfee de 
la demande de brevet 
europeen sp6cifi6e d la 
page suivante. 



pSSSSTmeWung Nr. Patent application No. Demande «e Dre«. n- 

02014303.8 



1 



RULE 17.1(a) OR (b) 



Der Prasldent des EuropSlschen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 

Le President de I'OfficB europ6en des brevets 
P.O. 



RCvanDillc 



0£ST AVAILABLE COPY 




Europaisches 
Patentamt 




Eui'^Bin 

PatenTOfflce 



Office europden 
des brevets 



Anmeldung Nr: 
Application no- 
Demande no: 



02014303.8 



Anraeldetag: 
Date of filing: 
Date de dSpfit: 



27.06.02 



Anmel der/Appl icant( s)/Deinandeur{ s) : 

Teijin Twaron B.V. 
Westervoortsedijk 73 
6827 AV Arnhem 
PAYS-BAS 



a s^..etic o.«a^c fiber or »it. .is^ 

strengtli 



Cl.sMflcaMoi. 1nt=m.tlon.le d« brevets: 



C08K/ 



AT BE CH CY BE DK ES FI TR GB GR IE IT U I« MG NL PT SE TR 



02014303.8 

EPVEPO/OEB Form 1014.2 - 01.2000 7001014 



27.JUN.2002 10:57 ||QMBH WUPPERTAL 
CQN256e 



J. 437 S. -8 



PROCESS FOR OBTAINING A SYNTHETIC ORGANIC FIBER OR FILM WITH HIGH 
TENSILE STRENGTH 

The Invention pertains to a fiber and a process for obtaining a synthetic organic fiber or film 
Awith high tensile strength, 

For many high-tech applications it Is important to use fibers and films with high tensile 
5 strength These so-calied high-perfbrniance fibers or films may be organio*ased (e.g. para- 
ammid fibers and films or carbon fibers) or Inorganic (e.g. E-glass fibers, silicon carbide 
fibers) They find application in numerous speclaity products for automotive, aerospace and 
ballistic applications, reinforcement of constnictions. offshore exploration, protective apparel, 
sports equipment, and thermal Insulation. Each type of high-peifomiance fiber or film excels 
10 in certain niche applications. 

A special type of high performance fibers is hlgh-moduius high-tenacity fibers. Organic 
members of this group contain covalent (one-dimensional) chains that are held together by 
mtemiolecular interactions. Typical examples are ultra-high-molecular weight poly ethylene 
15 (UHMW PE) like Dyneema® and Spectra®, para-anamlds like Kevlar<g), Technora® and 
•nwaron®. aromatic homocyclic polyesteis like Vectran®. and aromatic heterocyclic rods like- 
PBO (Zylon®) and PIPD (M5) based on pyridobisimadazole. 

The para-aramids have a well-balanced perfomiance in temis of mechanical propertlea. 

20 chemical resistance and themial resistance. Consequently, these fibers are used in a variety 
of application areas, such as optical fiber cables (aerial and duct-in), ballistics (helmets, 
vests, hard ballistics), composites (engineering plastics, reinforcement of constructlor^). 
elastomer reinforcement (tires, hoses, belts). fHction/sealing (gaskets, friction, paper, 
packings), and linear tension members (ropes, cables and themwplastic pipes). UHMW PE 

25 is applied in ropes, cordage, nets, and ballistic protection, but not in applications were creep 
(e.g. aerial cables) and/or thermal resistance (e.g. automotive hoses) are Important 
Vectran® is used especially in ropes and cables for offshore exploration, halyards for racing 
yachts and restraint lines for racing cars, where dynamic loadings require good fiber-to-fiber 
abrasion resistance and good bend-over-sheave properties. Other applications are protective 

30 gloves, sports equipment and Insulating paper. PBO combines high modulus and tenacity 



^. «<i flAvihmtv making It suitable In ballistics, flame resistant 

*'''"TC:^2CarCs span an ,n.«ssK« .ngo >n .ns„e proposes, 
5 up to now It is ^"^^J^^ Naverthetesa. when tt» tensite strengths could be 
son,e Of then, even ^ ^ even making avai.a.,te new 

r — tlnZ « a. gap a^ng. anahe. tre-ent haa heen aeocnhea 
1 0 7^ 0.696.297. Which techrtque consWa^d .he closest prto. art. 

„ ^3 now ^ .at a sut^tant.. ^^^-^^ rat^^^^^^^ 
.o..anaa„^^o,.e^-^^^^ spinning a ayn^e. 

synthase o.ganK> liber or J p„,^er to a flim. followed by 

:r:rrorrnr^\-^^^^^^ 
rr^i:r^redCr:r™::^^^^^^^ 

Za.at««lonof10to 96% of .hefiber or fllmbtaaR.ng strength. 

" .c».^-ea^«'--->"rrf:rnrr::rr::«^^ 

,„p^edbyah^treat.s.^^^^^^^^^ 

which eonslala of a (quarts) tube. Into tne t . ^ y y ^ ^ 

•''---■-tltaronlZ^^ n^^^^^ 
« .oheattheflbera^^^^^^^ 

an upper-damp th^.^oj^-^ „ppe«,ampa« n»unted tea aoM Same, 

tension during t e ^'^^^^^ „^ J^,^. por mstanoe. a^pun PIPD «>er. 

conditioned at 21 C ana a reid tension was applied and 

30 descr»»dabove.l«y.note^™P^.« 

'"^rr Jno^ 30 I^C. 3S0-C. a«i SSO'C. ^spectively. For «,e eva.ua«on of 
periods of heating of 30 sec. at loo , used that was in the heated area of 

the mechanical properties, only the P'"'^***^'^" ,„_„rties They are detemuned 

Ta^^errrrr::::-- 
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be 2400 mN/tex and 290 Gpa. respectively, measured on 75 filaments. The original strength 
and modulus of the filaments was 2100 mN/tex and 170 GPa respectively. For films the 
measurements were done similarly as Is known the skilled person. 

5 According to the method of the present invention the similar after-treatment device is used. 
However, it was modified In two respects. In the first place a seoond clamp (the under-clamp) 
was mounted on the frame, below the first clamp (upper-clamp) and the heating zone. With 
this under-clamp closed, the length of the piece of fiber In the device is fixed and does not 
change during the treatment. Further, a facHlty to cool down the nitrogen flow to 

1 0 temperatures below room temperature Is introduced. 

A specific after-treatment for fibers is canled out as follows. For instance, a PIPD as-spun 
fiber conditioned at 2VC and a relative hurtildliy of 65%. Is clamped Into the device with the 
under-clamp open, initially, no tension is applied. Then subsequently, the fiber Is cooled 
down preferably below room temperature, and more preferably less than 7°C. for instance to 

15 5-C a tension Is applied to the fiber (for Instance, about 800 mNAex) and this tension and 
temperature are maintained for example for 6 sec. Thereafter, the under-clamp is closed I.e. 
the strain (elongation) of the fiber is fixed and heat treatment is started. In this particular case 
the temperature was raised steadily, from 5"C to 500'C in 180 sec. 
For the evaluation of the mechanical properties, only the part of the fiber was used that was 

20 m the heated area of the oven. The mechanical properties measured are filament properties. 
They are determined as above using 50 to 75 filaments by means of a Favimat™ 
(Textechno. MSnchengladbach. Germany). The average values of the breaking tension and 
the modulus of the filaments were found to be 3600 mN/tex and 320 Gpa, respectively, 
measured on 75 filaments. 

25 

The method of the invention can be used for any synthetic organic fiber or film, but is 
preferably used for cellulose, rigid rod and aramid fibers and films, more preferably PBO, 
PIPD, and para-aramid. The linear density of the filaments is preferably 0.1 to 5000. for 
multifilaments preferably 0.5 to 5. more preferably 0.8 to 2 dtex. 

30 

The fibera contain one (monofilament) or at least two filaments (multifilament), specifically 2 
to 5000. and more specifically 100 to 2000. Fibera with about 1000 filaments are commonly 
used. 

35 The processing aid may be any Inert liquid, such as water, acid (e.g. phosphoric acid, sulfiiric 
acid), base (e.g. ammonia), aqueous salt solutions (e.g. sodium chloride, sodium sulfate). 
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«K. ..sanio compounds *an.diol. .emanol, .«,ano., NMP). The processing aid Is 
preferably an aqueous sohrton. and with more preference water. 

For«» method of the Inventon preferably as^pun fiber, not having received -^^^ 
?^ ,^,Lafter.t,*atment. is used. When the fiber is produced by wet spinnrna and 

' rr:ar;:^~us^<.asthecoagul3..c«mediumand,orwat.o,^ 

"Z^^Z r,r neubell^tlon and washing, the as^pun ~ ^r^^ ™ 
sDiuuuti lo ^ relative humidity of eovo, me as- 

»,an mo wt % of water and after condibonlng at 21 C ana a relative ' . 

than 100 wt. /o ot wa ^ ^ ^^^^ ^ 

,0 rorz^ciir ri:dringUut.o..w..cb^ond. 

polymer). 

The tenston applied during loading Is 10 98% of Ihe breaWng strength of the fiber orfllm. 
rrs^^lentneco^^.-^^^^ 

breaking strength of the as-spun fiber. 

i« below the boiling point of the processing aid and at least 

pracBcaly iessfavoraMe because of the high costs of cooling. 

The heating step Includes a .empera«i.e above the boiling point of the processing aid and 
ry^^atonetomperatureorinstagesatd«e,em.empera.»es.«.a.rnosph^ 
30 rirTexpanded pressure, or, at reduced pressures pn»no,» me removal 

pZ^ a«L Jflbe^Thehea^ngsteplspref^pe*^^^ 

lOO-c UP to 50-C below me melting or deoomposlfion temperature o*8« «»«•■ »f • 
2ofTa^ramM.PiPaandPB0120to450.C.mo.p.efe.*.y126to3^^^^ 

130 to 2eo-C for s time between 0.1 sec to 1 h. prefembly , to 300 see. To 
3a 'p:^^b.elgof.heflberathlgh»mpe«tu«s.»maybeneceesary«.^ 

loading gradually during the heating step. 
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The invention further pertains to a synthetic organic PIPD fiber with a linear filament density 

between 0 1 and 500 dtex and a tensile strength higher than 3200 mN/tex. 

Preferably the tensile strength Is higher than 3300, more preferably higher than 350O mNAex. 

5 Favlmat measurements 

50-75 filaments were randomly selected from a piece of 100 mm of a fiber and suspended in 

the fiber magazine of a Favlmat {Textechno, MSnchengladbach, Company) with pre-tension 

weights of 50 mg. From each filament the fineness and its force-elongaUon curve were 

determined automatically, using the test conditions: 
10 temperature 

relative humidity 65% 

gauge length 25.4 mm 

fiber count pre-tension 1 -0 cN/tex 

damp speed 2.54 mm/mln 

15 AS values for the mechanical properties, the averege values of the properties of the filaments 

were taken. 
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Claims: 



1 A pn«e.s fcr obtaining a syntheSc o^anlc flb^r or film «Ith high ^^'^^^ 
X..ng«p.nn,ng3synm.«corgan.cpo.ymertoaflboror«b«i,ng*e 

poU- to 3 flln.. *=«ow«J by loading the flber or fflm in lh« p^^ 
6 omamc polymor point of the processing aid and 

S"Lvlngtt.ep™cess,ngaldand/orperfOm«ngahea«ng^pa.a«nslono,10to 

q5% Of the fiber or film breaking Strength. 
,0 2. ^';lLacco^lng.oclalm1vvhe,alna«punflbertesubleo.adto,ha.^^^ 

, ^rpn.ce.,aoco«i.ng.oo.aln,1 or2vm.«.n*aK»dlngs.eplspe*rmedbe.«ean 

. craScrr;:::-3-----^ 

" S rr.aZ::r:one.o.n»1to4wbera.*,p^lnga«.an 

' removadslmutaneoualy with pertomning the heating step. 
20 T. Z;Lo.3acoordingtoanyoneofc«n,s1to6«h,,.lnmasynmet,oo^an.o«bar 

or film is a rigid rod or an aramid fiber or film. 
8 rlTl oUloflber, charactered In that thallbor is PIPD with a .nearfllamant 
il^eTeTri ,„a600dte.^datons«es,rengthhlghc,than3.«,.N«e. 

25 8treng8ii»hlgherthan3S00mN/tex. 
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Abstract 



The invention pertains to a process for obtaining a synthetic organic fiber or film with high 
tensile strength comprising spinning a synthetic organic polymer to a fiber or extruding the 
5 synthetic organic polymer to a film, followed by loading the fiber or film in the presence of a 
processing aid. at a temperature below the boiling point of the processing aid and above 
-50*C, at a tension of 10 to 95% of the fiber or film breaking strength, followed by removing 
the processing aid and/or performing a heating step at a tensiori of 10 to 96% of the fiber or 
film breaking strength. 
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